Atomic absorption spectrophotometry (AAS) was applied to the determination of serum calcium. A special diluent was developed to abolish the effect of absorption depressors. This made possible measurement of calcium in directly diluted serum samples without prior removal of any serum constituents. Values obtained by AAS on calcium oxalate precipitates from serum were identical with those found by the direct dilution technique.
A diluent and standards were developed which abolished and compensated for all interferences and made possible calcium determinatioiis on directly diluted! serum samples without prior renioval of aiiv serum constituents. The emitter source used was the calcium hollow cathode laflul) by Ransley Glass, Melbourne, Australia, as provided by Perkin-Elmer. A scaii of the spectral output of the lamp by a recording spectrOphOtoflleter in the region from 750 to 380 m revealed that the spectrum is dominated by the strong emission line at 422.7 ni, the resonance line of calciuni (Fig. 1) . The lamp, in our experience, caii be oj)erated for several hundred hours without appreciable deterioration.
Technic and Instrumentation
rlhe doublel)ealn system compensates for lamp drift. Flame emission interferences are elimiiiated by modulation of the light source. rIhe best seflSitivity Was found when the lamp was operated at the lowest 1)ossihlc amperage (8 The effect of sulfur in serum protd'ins was not studied.
A study was made siniilar to that described for phosphates.
The results are summal'izedl in Fig. 5 . A linear relationship was apparent between sulfate comicentration and degree of absorption on absorption produced by sample containing 100 mg/I 00 ml. calcium. depression from 0 to 1.3 mg./l00 ml. sulfate, at which point mnaxiinunu interferemice was reached. Since oxalate was used in the proof of method, as will l)e discussed later, it was necessary to determine its influemuce on ahsorptiomu. Another effect of EDTA in higher concentrations was the rapid clogging of the burner opening with a sticky, carbonaceous crust. Once clogging had started the burner slot had to be cleaned after each sample.
Protein
In order to study the effect of protein, a calcium-free protein was prepared from a plasma pool with the help of a mixed-bed ion-exchange resin in the H and OH cycles.
Less than 0.01 mg./100 ml. of calcium remained, a value less than 0.1% of that normally found in serum. The protein concentration obtained after ion exchange was between 4 and 5%. Where higher protein concentrations were needed, water was removed by evaporation in a dialyzer bag in the cold or by adding commercial human albumin concentrates (25%) to the plasma pool before the ion exchange.
The effect of this protein on absorption of Ca is shown in Fig. 8, where 
Control of Interferences
In order to control the interferences described above, several possibilities were considered: to only a few per cemlt of the total absorption of calcium. Sodium in physiologic concentrations (0.9 gm./100 ml.) was, therefore, added to all working standards.
Separationof Calcium as Oxalate

Addition of EDTA
The considerations for the use of EI)TA have been discussed by Willis (1) . It was observed that a diluent containing 0.5% EDTA was capable of protectimlg calcium from absorption depressors, but sensitivity was considerably reduced. From Fig. 7 it can be seen that with 0.5% E1)TA the measurements are made in the zone of maximum absorption depression. Furthermore, the large amount of organic material tended to clog the burner rapidly, which required cleaning after each sample.
Competitive Cations
A number of cations such as lanthanum and strontium have affinities for anions similar to those of calcium.
These cations are known to release calcium of the depressing effect of the anions studied in flame emission and atomic absorption spectroscopy (17) (18) (19) .
When these cations are added in comparatively high concentrations to samples before aspiration into the flame, the anion is bound by the cation and presumably releases calcium which thus becomes available for activation. We chose lanthanum because, compared to strontium, it seemed to give better sensitivity.
LaCI3 and Phosphate
The experiment of the phosphate effect was repeated with 0.5% LaCI3. The results are summarized in Fig. 10 
LaCI3 and Other Interfering Substances
Experiments were also conducted to determine the protective influence of LaCI3 against the effect of sodium, sulfate, oxalate, EDTA, and protein.
It was observed that the slight depressive effect of sodium was not abolished but appeared somewhat minimized. LaC13 in the concentration of 0.5% (w/v) protected calcium against the depressing effects of sulfate, oxalate, and EDTA up to approximately 10, 100, and 100 mg./100 ml., respectively.
LaCl3 protected calcium against protein concentratioiis up to approximately 100 mg./100 ml. At higher protein concentrations, however, not an enhancement (Fig. 8) and Curve C, 0.8% protein.
(Actual calcium concentrations as in Fig. 3 .)
The depressing effect of sodium we encountered is in contrast to the finding of Willis (i), who ascribes to sodium a mild enhancing effect. It is unlikely that contamination of the sodium with anionic depressors could have been responsible because identical results were obtained with NaC1 of three different sources and NaOH. Furthermore, LaC13 failed to abolish the depression. Addition of NaCl in physiologic concentrations (0.9 gm./100 ml.) to the reference solutions provides adequate compensation, since changes of the total sodium level of serum in disease would be negligible.
The (20) . When calcium and phosphate are sprayed separately into the flame, the depressive effect is not seen. Filcek (21) demonstrated the dependency of the anionic depression of atomizer design. LaCI3 at a concentration of 0.5% provided complete protection against 5 mg./100 ml. phosphorus and 10 mg./100 ml. sulfate, corresponding to serum levels before the 1:10 dilution of 50 mg./100 ml. P and 100 mg./100 ml. sulfate. This appears to be adequate coverage since these values are never seemi in disease.
Organic Solvents
The use of organic solvents has been recommended in flame emission and absorption spectrophotometry to increase sensitivity. An increase of sensitivity from 50 to 600% is reported by various authors (.21,23-28) .
With a variety of substances tested we found a moderate sensitivity imicrease from 20 to 50%. n-Butanol proved to have the best effect (Fig. 13) 
Proof of Method
On the basis of the above findings we decided to use the following serum diluent: 0.5% (w/v) LaCl3, 6% (v/v) butanol, 0.02% (v/v) octanol, in 0.1N HC1. Standard calcium solutions were made to contain 6.5% (w/v) calcium-free protein, 0.9% (w/v) NaC1, and 0.02% (w/v) Sorbistat (Pfizer) to prevent bacterial growth.
(Sorbistat in this concentration is without influence on absorption.) A 1.:10 dilution (0.25 ml. to 2.5) of the serum sample was made in an automatic pipet (29) with the above diluent.
The sample was aspirated into the burner and the amount of the absorption measured.
The absorption was converted to absorbance: absorbance = 2 -log (100 -per cent absorption Table 3 . In the second series, recovery of CaC12 added to serum was studied. Aqueous solutions of CaCI2 were evaporated in platinum dishes; the residue was dissolved in 9.0 ml. of the diluent and then 1.00 ml. of the test serum was added.
Six such experiments are shown in Table 4 . Thus, serum calcium could be determined on directly diluted serum samples without prior removal of any serum constituents.
The coefficient of variation between replicates was less than 1%.
Serum calcium was precipitated at pH 4.2 with oxalate for 72 hr. in the cold and was measured by AAS. The results agreed exactly with the direct serum measurements and thereby indicated specificity of the direct measurement.
On the basis of our findings we believe that the AAS technic can be recommended as the method of choice for the determination of serum calcium.
